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Chronic kidney disease of unknown origin in agricultural
communities: beyond tropical mist?
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In the last three decades, a peculiar type of tubulointerstitial ne-
phritis has been described in agricultural populations, named
Mesoamerican nephropathy (MeN) or Chronic Interstitial
Nephritis in Agricultural Communities (CINAC) [1]. CINAC
is a chronic tubulointerstitial nephropathy occurring generally
in young men, mainly in sugarcane workers, in the absence of
diabetes mellitus, hypertension, glomerular disease or other
causes of renal disease, with no or minimal proteinuria (<1 g/
day) and minor urinary sediment abnormalities. Apart from
the geographical origin of the patients and their occupational
exposure, this definition is quite loose and could be applied to
other forms of chronic interstitial nephritis such as analgesic
nephropathy, aristolochic acid nephropathy, etc. Therefore,
classifying chronic kidney disease (CKD) of unknown aetiology
as CINAC might be challenging.
CINAC has been described in rural agricultural communi-
ties with low socioeconomic status, in different regions of the
world: Central America, Sri Lanka and India [2, 3], and more
recently, other patients with potential CINAC have been
reported in countries such as Egypt, Morocco and even
Portugal and France, that is, wealthier countries with a less hot
climate [4]. There are currently controversies about the patho-
genesis of CINAC, which could be linked to exposure to toxic
products such as herbicides (glyphosate and its metabolites be-
ing one potential culprit), heavy metals, infections or high alti-
tude, all of them in the context of intense heat [1–7], although
this may not be always the case since patients have been identi-
fied in regions with a temperate climate [4].
In this issue of NDT, Aguilar-Ramirez et al. [8] have evalu-
ated the prevalence of CKD in a middle-aged population
(42 years, interquartile range 31–50) in Central America (Tierra
Blanca, Mexico). They have chosen this rural region because of
its hot tropical climate, with a mean annual temperature of
31C, and extremes as high as 45C, and because they had pre-
liminary warnings about a high CKD incidence there. As a mat-
ter of fact, they have found that 3.3% (n¼ 19) of the population
had estimated glomerular filtration rate (eGFR) <60 mL/min/
1.73 m2, and there was a very high (24.7%) prevalence of proba-
ble CKD, mainly accounted by elevated albumin/creatinine
ratio. Approximately one-quarter of the studied population had
an occupation in agriculture, with an exposure to agrochemicals
in 27.6%. Statistical analyses showed that ‘working in agricul-
ture’ was strongly associated with the risk of having an eGFR
<60 mL/min/1.73 m2 [8], when adjustments were made for
classical CKD-associated factors including age, sex, obesity, dia-
betes, hypertension, education and residence (odds ratio 5.19,
95% confidence interval 1.11–24.26).
This is an important study in the context of MeN, for which
the authors should be congratulated, some important strengths
being the choice of rural regions, the exhaustivity of the popula-
tion studied and the use of a central lab. On the other hand, this
study illustrates the difficult challenges to identifing potential
causes of CKD in this population. (i) A first challenge is the
number of patients studied. In this study, although 579 persons
were included, only 19 had an eGFR <60 mL/min/1.73 m2 [8],
which is a low number for performing multivariate analyses. (ii)
A second point is that only one determination of biological
indicators of CKD was performed, which could be considered
as insufficient to confirm the chronic nature of CKD. (iii)
Economic status is missing from the sociodemographic param-
eters, although many studies have shown in several populations
an association between poverty and CKD; this is a crucial point
in a population with potential difficulties in access to care. (iv)
The authors claim that there was no association between educa-
tion level and CKD, but when ‘Elementary education’ and ‘No
formal education’ are merged, there is a significant association
between low-level education and eGFR 60 mL/min/1.73 m2
(P< 0.05 by Fisher’s exact test). (v) ‘Occupation’ was asked as
the main one during the last 12 months [8]. One could argue
that the deleterious effects on the kidneys of working in agricul-
ture and being exposed to agrochemicals might require more
time, and that a more detailed and longer evaluation of occupa-
tion and exposure to potential toxics should have been per-
formed [7]. (vi) It is remarkable that 18.0% of the participants
reported a family history of kidney disease, and it could be spec-
ulated that some genetic factors, including hypertension and
Type 2 diabetes, could be involved in the high prevalence of
CKD in this population [9]. (vii) Nearly 40% of the population
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were reported to have had recurrent urinary tract infections
(67% of the participants were women), another potential factor
of chronic interstitial nephritis.
When one considers all the above questions, it is quite diffi-
cult to have a clear idea of the factors associated with CKD in
this population, and of the potential role of agriculture and en-
vironmental factors. Pathophysiological mechanisms leading to
CINAC need to be elucidated: De Broe’s group has recently
depicted abnormal lysosomes in proximal tubules of patients
suffering from CINAC [4], including patents from our institu-
tion. These modifications were also observed in kidney
transplant recipients treated by calcineurin inhibitors, in rats
exposed to calcineurin inhibitors but also in patients with other
drug exposures such as lithium. In De Broe’s hypothesis,
CINAC seems to be a toxin-induced lysosomal tubulopathy
involving the calcineurin pathway.
Despite uncertainties of the mechanism involved in the
pathophysiology of CINAC, its prevention is based on the evic-
tion of toxic pesticides, abundant water hydration (with a spe-
cific attention to weight) and medical surveillance (dipstick and
measurement of serum creatinine and electrolytes). A detailed
survey of occupational and environmental parameters
is required to confirm CINAC diagnosis and the risk factors
associated. Some therapeutics (metformin) might be useful to
limit the agrochemical toxicities, but randomized controlled
studies are needed.
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